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Preparation of Standard 
Samples for Measurement  
of Carbon Concentrat ions 
in Semi-Insulating GaAs 
Semi-insulating GaAs has started to find its firm standing place in the real expanding multimedia 
markets, especially in the region of communications, such as cellular phones, PHS, high speed 
fibre communications, wireless LANs and satellite communications. 
T o meet this market increase, it
is now very important to 
standardize the carbon con- 
centration measurement in semi-insu- 
la t ing  GaAs ,  s ince  carbon  
concentrations are definitive for the 
resistivity of GaAs and threshold 
voltages in GaAs MESFETs. In this 
article, we report the preparation of a 
set of standard samples for the 
calibration of FT-1R systems by 
which carbon concentrations are 
determined. 
The carbon concentration is con- 
ventionally determined from absorp- 
t ion or absorpt ion  coeff ic ients 
obtained from FT- IR absorption 
spectra. The absorption coefficient 
and absorption are defined by the 
following equations: 
absorption coefficient ~ (cm 1) -  
2.303 x (peak height of absorption) 
/ (sample thickness) 
absorption ~ x /k(cm 2) = (absorp- 
tion coefficient ~ (cm -1) x (full width 
at half maximum/k). 
Carbon concentrations are calcu- 
lated for these absorption parameters 
from the following equations: 
[carbon] (cm -3) = (convers ion  
coefficient) x absorption coefficient 
(cm -j) 
[carbon] (cm 3) = (conversion coeffi- 
cient) × absorption ~ × A(cm-2). 
Table 1. Uni[ied measurement conditions 
Detector 
Resolution 
Scanning frequency 
Scanning speed 
Range of wave number 
Aperture 
Apodization 
Smoothing 
Reference sample 
Temperature 
Broadband MCT or TGS 
0.5 cm -1 
1024 turns 
Time span to meet measurement for about 1.5 hrs 
400-4000 cm -1 
Optimum condition for each FT-IR 
Triangular wave 
Not applicable 
Air or reference sample 
Room temperature 
The details for these measurements 
are described by Arai et al. [1]. For 
the conversion coefficient for these 
equations, various values have been 
proposed and the most widely ac- 
cepted value is 11.8_+2 x 1015cm -I 
for ~ z /k at room temperature 
which was proposed by Arai et al. [1]. 
Even though this method has been 
adopted by many affiliations for the 
measurement of carbon concentra- 
tions, it was uncertain if the carbon 
concentration which was determined 
by one affiliation was comparable to 
that measured by another affiliation, 
even under the same conversion coef- 
ficient. This uncertainty comes from 
the differences in instrument manu- 
facturers, detector models and mea- 
surement conditions. 
To clarify the problems underlying 
carbon measurement, en Japanese 
GaAs suppliers repeated the round- 
robin tests for several years, of which 
the main features have been reported 
in this journal [2]. In the round-robin 
test, the validity of the proposed 
measurement conditions (Table 1) 
has been examined by using standard 
samples whose carbon concentrations 
are known from CPAA (Charged 
Particle Activation Analysis) mea- 
surements (as shown in Table 2). 
From these round-robin tests, the 
following conclusions have been 
deduced. 
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fable 2. PrhTtarv slandard samples with known carbon conce#tlrations. Carbon concentrations are 
determim, d hy CPAA. The samph's are sponsored hy Japan Electronic hulustry 
Development Association. 
Sample  Th ickness  Carbon Concentrat ion  
Number  mm xl0-~5cm -3 
1 5.013 1.377 
3 5.013 1.397 
5 5.013 11.850 
7 5.015 2.353 
15 4,994 3.243 
21 4.983 43.900 
27 3.671 28.033 
I. Unified measurement conditions 
serve to reduce the measurement 
deviation among affiliations. 
2. Conversion coefficients, formerly 
proposed by many authors, are 
not useful to deduce carbon con- 
centrations comparable among 
various affiliations. 
3. MCT detectors are appropriate 
for low carbon concentrations 
and TGS detectors are appropri- 
ate for high carbon concentra- 
tions. 
4. For each FT-IR system, the line- 
arity between the carbon concen- 
t ra t ion  and the absorpt ion /  
absorption coefficient was extre- 
mely good with (correlation fac- 
tor)- larger than 0.98. 
5. For the measurement of carbon 
concentrations which are compar- 
able among various affiliations, 
the calibration of each FT-1R by 
common standard samples is in- 
dispensable. 
Even though the measurement condi- 
tions are unified, there are many items 
which cannot be made the same, 
depending on the circumstances of 
each affiliation. These items include 
detector models iMCT or TGS), base- 
line range (3 cm -1 - 20 cm-l), measure- 
ment temperature,  scanning fre- 
quency and so on. When a unified 
conversion coefficient is applied, all 
these items have also to be unified. 
However, unification is in reality 
difficult to achieve for all affiliations. 
Even though this unif icat ion is 
achieved, there still remain problems 
such as geometrical arrangement dif- 
ferences and other measurement con- 
ditions. From these points of view, 
the determination of carbon concen- 
trations based on a conversion coeffi- 
cient would not be an applicable 
method, when we wish to compare 
the measured carbon concentrations 
among various affiliations. 
In the case of impurity measure- 
ments in Si by FT-IR it is already 
common practice to use a set of 
standard samples for calibrating FT- 
IR systems. In fact, many sets of 
secondary standard samples have 
been prepared from a set of primary 
standard samples, so that the second- 
ary ones can be loaned to calibrate 
each FT- IR system for each affiliation 
[31. 
By analogy with the case of Si, we 
decided to prepare a set of secondary 
standard samples on the basis of the 
primary standard samples whose car- 
bon concentrations are known (as 
shown in Table 2). For the secondary 
samples, we used those which were 
used for the former round-robin tests, 
provided by two suppliers. Nine 
suppliers participated in the prepara- 
tion of secondary standard samples. 
The calibration coefficient for each 
FT-IR system was determined using a 
set of primary standard samples, and 
from this calibration coefficient, the 
carbon concentrations of the second- 
ary standard samples have been de- 
termined by the following equations: 
[carbon] (cm -~) = (calibration coef- 
ficient) x absorption coefficient :x 
(cm -l) + constant (cm -~) 
[carbon] (cm -3) = (calibration coeffi- 
cient) x absorption (cm -2) ~ x A + 
constant (cm-3l. 
In Table 3, lhe differences of some 
measurement conditions among par- 
ticipants and the determined calibra- 
tion coefficients are summarized. It 
can be seen that (correlation factor) 2
is larger than 0.99, which means that 
the linearity between the absorption 
7"~lhh' 3. Calibration coq/]icients, con.stants, correlation/m'tors and measurement conditionx. 
Affiliation Detector Temperature Baseline Absorption Calibration Constant (Correlation Scanning 
(°C) (cm "1) Parameter Coefficient Factor) 2 Frequency 
a MCT 25 4-10 =A 9.52 0.54 0.9955 1024 
b MCT 24 -t- 20 c(A 9.85 0.53 0.9947 25 
TGS 24 __. 20 ~A 9.7t 0.81 0.9965 25 
c MCT 25 4- 3 ~ 13,37 0.80 0.9952 1024 
d MCT 24 4-10 ~A 6.64 0.76 0.9948 1024 
e MCT 28 4-10 = 14.02 0.59 0.9966 300 
f MCT 25 -t- 10 ~A 8.74 0,67 0.9981 1024 
g MCT 25 -t- 3 ~A 4.23 0.96 0,9990 1024 
h TGS 23 -t- 5 ~ 13.65 0.60 0.9966 200 
i MCT 23 4-10 ~ 13,60 0.65 0.9922 256 
Table 4. Carbon concentrations/or a set o[ secondary standard samples. 
Affiliation Carbon Concentration (xl015 cm "3) 
A-1 A-2 A-3 B-1 B-2 B-3 
(thickness (mm)) 3.67 3.66 3.54 3.60 3.60 3.60 
a 1.9 3.6 11.5 1.1 2.0 4.0 
b 1.9 3.5 11.8 [N.D.] 2.2 4.1 
(TGS) [2.1] 3.7 12.0 1.4 2.3 4.3 
c 1.9 3.8 13.1 1.2 2.3 4.6 
d 1.7 [3.1] 11.2 1.2 2.1 4.2 
e 1.8 3.6 12.8 1.2 2.3 4.4 
f 2.0 3.5 12.4 1.2 2.1 4.6 
g 1.7 3.2 [8.4] 1.3 2.0 [3.6] 
h (TGS) 2.0 3.9 12.4 [1.5] [2.5] 4.5 
i [1.6] 3.7 12.5 1.1 2.2 4.6 
Average 1.86 3.61 12.19 1.21 2.17 4.37 
Standard Deviation 0.119 0,203 0.615 0.099 0.122 0.229 
a/AveX100(%) 6.4 56 5.0 8.2 5.7 5.2 
parameter (absorption or absorption 
coefficient) and the carbon concentra- 
tion is extremely good. The carbon 
concentrations determined by each 
participant based on each calibration 
coefficient are shown in Table 4. 
Here, the data bracketed by [ ] which 
exceed the average _+1.5c~ were 
omitted. It is found that the variation 
of carbon concentrations determined 
by the present method was extremely 
small within the range of 5.0-8.2%. 
This variation level is a very satisfac- 
tory one compared with that of the 
first round-robin test where the varia- 
tion was 18.6-36.6% [2]. In the first 
round-robin test, the carbon concen- 
trations were determined for the same 
set of samples under the individual 
measurement conditions without uni- 
fication. From the present work, we 
concluded that the measurement 
method based on the unified measure- 
ment conditions using the calibration 
coefficient obtained from a set of 
standard samples is better than that 
based on a Conversion coefficient. The 
advantage of the present method is 
that all measurement conditions do 
not need to be unified. Since a 
calibration coefficient is determined 
from a set of standard samples, 
detector models (MCT or TGS), base 
line (even though more than 10 cm -2 
is recommended [2]), absorption para- 
meters (absorption, coefficient of ab- 
sorption) are not obliged to be 
unified. Nevertheless, of these com- 
paratively looser conditions, a very 
reasonable measurement variation, 
5.0-8.2%, could be obtained. 
From the present results summar- 
ized in Table 4, we could determine 
the carbon concentrations with a 
reasonable variation for the set of 
secondary samples as the average 
value of the measured ones by all 
participants. This set of secondary 
samples is now retained for use in 
calibration of FT-1R systems. Those 
who participated in this sample mea- 
surement as well as others who would 
like to use these standard samples 
(including device manufacturers) will 
be able to borrow them freely for 
calibration purposes in the near fu- 
ture. 
Other sets of secondary standard 
samples are also under preparation 
for calibration convenience. 
For further information, please 
contact one of the participants listed 
in alphabetical order of company in 
the adjacent listing. 
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